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After numerous difficulties, our work, by Liu et al. (2013), on the role of HDA18 in regulating the cellular patterning of 
Arabidopsis root epidermis,' has finally been published. Arabidopsis root epidermis consists of a single layer of cells 
surrounding a cortex. Cells differentiate into hair (H) or non-hair (N) cells, depending on their positional relationship to 
underlying cortical cells. Previously, it was demonstrated that a GL2-centered transcriptional factor network, also called 
pattern genes, determines the fates of the epidermal cells at the N or H positions, and two plasma-membrane-located 
receptor-like kinase proteins are involved in sensing this positional information. 23 Little is known about how positional 
information is relayed from the plasma membrane to the nucleus. Eight years ago, we found that the application of 
the histone deacetylase (HDAC) inhibitor TSA can convert cells at the N position (the epidermal cells over underlying 
cortical cells) into H cells; H cells are normally differentiated from epidermal cells at the H position (the epidermal cells 
reside over the intercellular spaces between cortical cells). In the paper reporting this finding, 4 we proposed that histone 
acetylation is involved in the mediation of positional information. The observation that the mutation of HDA18, a member 
of the HDAC gene family, produces a similar phenotype to that caused by the application of TSA strongly supported this 
proposal. However, as no biochemical information about HDA18 was available at the time, to further test our proposal, 
the top priority for us was to characterize HDA18 and to investigate how this protein is involved in the regulation of the 
cellular patterning of Arabidopsis root epidermis. 



From the findings in our previous paper, 
we expected the following: (1) HDA18 
has HDAC activity due to the sequence 
similarity between these proteins, and 
(2) HDA18 affects pattern gene tran- 
scription because the expression of pat- 
tern genes is altered by the application of 
TSA. Experiments easily confirmed the 
in vitro HDAC activity of the HDA18 
protein and revealed altered transcrip- 
tion levels of the pattern genes, as well as 
altered histone acetylation status at the 
sites, which is tested, in the experiment 
in which TSA was applied, in HDA18 
mutant. However, in an experiment to 
test if HDA18 protein directly binds to 
a chromatin region related to the sites 
involving changes in histone acetyla- 
tion, we found that none were enriched 
in a ChlP-PCR assay! Worse than that, 
we found that overexpressors of HDA18 
showed a similar cellular patterning phe- 
notype to that observed in the hdal8 
mutants. Obviously, the role of HDA18 
in cellular patterning must be more com- 
plicated than we expected! What should 



we do? Quit? How should we explain 
the hdal8 mutant phenotype? Continue? 
Where should we go? 

As the mutant phenotype was repeat- 
edly observed, HDA18 must play a role in 
the cellular patterning of Arabidopsis root 
epidermis. The above difficulty was clearly 
not due to nature, but due to our oversim- 
plified expectations. Trusting nature, we 
decided to continue. To find a way out, 
we conducted ChlP-chip analysis and 
tried to identify some HDA18-targeted 
genes. Interestingly, we found and verified 
that among the HDA18-targeted genes, 
some were annotated to encode kinases, 
although the overall quality of the ChlP- 
chip data was far from satisfactory. At this 
point, we faced another choice: should 
we improve the ChlP-chip experiment or 
directly test whether the HDA18-targeted 
kinase genes are involved in cellular pat- 
terning? As we confirmed the binding 
of HDA18 and its targeted kinase genes, 
trusting nature, we chose to focus on these 
kinase genes because we believed that 
based on available information, 23 kinase 



should be the downstream component 
most likely to relay the signal (s). 

As little information was available 
about the function of HDA18-targeted 
kinase genes, we analyzed the mutant 
phenotype and found that loss-of-func- 
tion of the four kinase genes produced a 
similar phenotype to that produced by 
altered HDA18 expression. However, con- 
trary to the phenotypes of the kinase gene 
mutants, the transcription levels of these 
kinase genes all increased in both down 
and upregulated HDA18 lines. To clarify 
the situation, we constructed overexpres- 
sion lines of the four kinase genes and 
found that these lines exhibited similar 
phenotypes. These findings confirmed the 
relationship between the increased tran- 
scription of the kinase genes in the altered 
HDA18 expression lines and the cellular 
patterning phenotypes, but they presented 
another challenge: should we go further 
and investigate why both the down- and 
upregulation of kinase genes resulted in 
similar phenotypes related to the cellular 
patterning of root epidermis, or should 
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we examine why both down and upregu- 
lation of HDA18 expression increase the 
transcription of HDA18-targeted kinase 
genes? It was quite clear that according 
to causal relationships, the latter should 
involve an upstream step. Trusting nature, 
we chose to take up the latter challenge. 
It was quite rewarding when we found 
that although both down and upregula- 
tion of HDA18 expression increased the 
transcription of kinase genes, down and 
upregulation of HDA18 differentially 
affected histone acetylation at various 
lysine residues of histone 3. This find- 
ing was most exciting, since I believe this 
mechanism may be generally applicable 
to other biological processes and organ- 
isms. Indeed, we not only confirmed the 
involvement of HDA18 in the cellular 
patterning of root epidermis, but we also 
elaborated the mechanism underlying 
this process to some extent, although this 
mechanism was not what we expected at 
the beginning. 

Many lessons have been learned 
through this project. First, nature is 
always much more complicated than we 
can imagine. Compared with the long 
evolutionary history of the subjects of 
our investigation, the emergence and 



evolution of our capacity to understand 
these subjects is all too recent. Therefore, 
it is not surprising that we are not able 
to anticipate precisely what is happening 
behind phenomena we investigate. We 
have to be humble and extremely cautious 
to distinguish between what is a real phe- 
nomenon and what is our explanation of 
a phenomenon. We have to trust the nat- 
ural phenomenon that was experimen- 
tally confirmed, but we must be flexible 
enough to discard previous explanations 
about a phenomenon. Second, facing 
nature, which is complicated, how can 
we find causal relationships in what we 
have investigated? Logic! At least in the 
field of biology, all phenomena occur for 
a reason. No mystery. In many situations, 
whether one finds the cause does not 
depend on whether one can, but whether 
one will. For example, the same pheno- 
type is observed when a target gene is 
either down- of upregulated. In most sit- 
uations, people would prefer to avoid fur- 
ther investigating the situation because 
of its complexity. In the case of HDA18, 
our studies produced rewarding find- 
ings because we believe in logic, along 
with persistence. Although we experi- 
enced another round of difficulties in the 



submission of our manuscript, mainly 
due to the complexity of our story, we 
were very encouraged that the editor and 
reviewers of The Plant Cell appreciated 
our efforts; our story has been published. 

As a professional researcher, nobody 
wants to experience too much frustration 
in dealing with unexpectedly complicated 
situations. However, if we have to, we 
should stick with it and trust in nature. 
In addition, remain confident that there 
are always people like us who also trust in 
nature and will appreciate our efforts. 
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